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Besides, this can be avoided by closing the lower aper- forces, in the sarne plane, or approximately in the same the equilibrium of . instability. It must be rotated 
ture of the tube by a simple plank held with ropes and plane, of revolution. swiftly enough to cause the influence of gravity to 
by lowering the tube proportionally as it is filled with In the first place, you must understand that the nate disappear, as an element disturbing its position. It 
concrete, so that the surface of the concrete is always ural tendency of every free revolving body is, to re- will then present an interesting appearance. The line 
above water. IV-hen the lower part nearly reaches thA vol ve in equilibrium about its center of gravity. The connecting the point of support and the center of 
bottom, the ropes which support the plank are pulled momenta of all the parts of a free revolving body neces- gravity will become vertical, and form the axis of 
obliquely, and in this manner remove this kmd of sarily equalize themselves about their common center revolution. The spindle will be inclined from this 
stopper from the tube. The working is thus begun, of gravity. No matter what the figure of the body may axis, and in revol ving around it, will describe a hollow 
and no part of the concrete has been weakened. be, nor how irregular its outline, if unconfined it 1'0- cone, open at the top,. while the disk will present 

Owing to the high velocity of the current of the tates about its center of gravity in perfect equilibrium. the appearance represented. In preparing this toy, 
Loire, we had taken the precaution to ram up-stream a 'rhus, if you pitch a quoit, of any shape whatever, I removed the segment gradually, spinning the top 
screen of sheeting piles so as to have hardly any cur- giving to it a whirling Illotion, as it flies straight to the after taking off each slice, and was much inter
rent in the excavation. W tJ also had everything point at which you really aimed it, although that point ested in ob�erving the enlargement of this cone on 
in readiness to remove all the soft white marl, but may be far enough from the hub you intended to hit, each successive spinning. The cuts show a plan view 
this was not required, as the marl did not soften; the it will whirl in equilibrium about its center of gravity. of the t.op and the appearance of the top when spin
water was hardly whitened by the lime. Also, when The same is the case in any system of bodies. These, ning, which exhibits very beautifully the tendency of a 
the foundation of the piers was begun, the concrete however numerous, if free, revolve about their common free body to revolve about its center of gravity. While 
was laid bare, and we found it very rich and not in the center of gravity. A fine illustration of this is afforded spinning, I mark the spindle near the top with paint. 
least weakened. The piers of Beuvron, on the same m the case of the earth and the moon. It is commonly When we examine it afterward, we find this paint on 
line of ROlllorantin to Blois, have been built with the 

I 
taught that the moon revolves around the earth, while the side of the spindle in line with the place of the 

help of the same system, and as we happened to be on the earth revolves around the sun. This is not strictly, missing segment. It could not be anywhere else. That 
the up-stream side of a mill which we stopped at the true. The earth and moon constitute a system, and I line described the exterior of the cone. 
time of laying the foundations of the piers, we were revolve about their COIlHIlon center of gravity. The The discussion we had a few minutes ago enables us 
able to ascertain the state of the concrete by opening mass of the earth is 81 times that of the moon. Their to understand, also, the phenomenon which is presented 
part of it to a great depth, and we found that nothing common center of gravity is found, therefore, about in the spinning of this or any other top. Instantaneous 
better could be wished for. As far as rapidity is con- 3,000 miles from t he center of the earth, or nearly motion from a state of reRt is impoRsible. Gravity 
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LOWERING CONCRETE UNDER WATER. 

cern ed, we were able to lower as much as 75 cubic yards 
per day and per machine. As regards costs, we paic. 
the price estimated for the lowering by means of boxes, 
and our contractor, who at first showed some hesitation 
to adopt this system, declared afterward that it had 
left him a good margin. As it was belie\'ed until now 
that the use of the hopper only gave bad results, we 
have thought useful to make known this improvement 
on the old system. We think that this process, which 
might be called" the continuous hopper," can be used 
under certain circumstances even for very grea t depths. 

[Continued from SUPPLEMENT, No.531, page 8475.] 
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PRINCIPLES AND METHODS OF BALANCING 
FORCES DEVELOPED IN MOVING BODIES. 

By CHAS. T. PORTER. 

LE'r us return now from these excursions, and attend 
to phenomena of a more practical character 

You are to observe that, in a revolving body, each 
unit of matter exerts its centrifugal resistance separate
ly, independent of every other unit. In any plane ly
ing at right angles with the axis, those units of matter 
which revolve at different distances from the center 
have different rates of deflection, and those units of 
matter which follow one another in the same circle are 
moving in different radial directions. "Ve may consid
er all the units of matter in a revolving body under 
these two phases separately. 

First. All concentric circles of revolution may be re
garded as gathered into one circle, which is called the 
circle of gyration. In a circular disk, the circle of gy
ration is found at 0'7071 of the distance from the center 
to the circumference. I shall have nothing to say re
specting the circle of gyration, in which the entire cen
trifugal force of a revolving body is properly conceived 
to be gathered, except to point out a coincidence which 
we shall find to be of great practical value. This is, 
that the momentum of all i he parts of a revol ving body 
is also properly conceived to be gathered in the same 
circle. These two forces, the momentum and the cen
trifugal force in a revolving body, both developed by 
its Illotion, are as different from each other in their na
ture as it is possible to imagine. They always act also 
at right angles to each other. Nevertheless, these 
forces are properly considered to be gathered in the 
same circle of gyration, and they both vary directly as 
the dis!;ance of this circle from the center. Respecting 
the centrifugal force, we have seen (Fig. 2) that, at a 
given angular velocity, or given number of revolutions 
per minute, the deflection of a revolving body varies 
directly as the distance from the center. This is the 
third law of centrifugal force. The momentum of a 
revolving body must also vary in the same manner, be
cause at a given angular velocity the actual velocity 
varies as the distance from the center, and so thf; mo
mentum, M v, must vary in the same way. As already 
remarked, the coincidencl' in this respect between cen
trifugal force and momentum is one of much practical 
value. 'fhis we shall soon have occasion to observe. 

Second. We come now to what most nearly concerns 
us in the present discussion, namely, the centrifugal 
stresses which ara exerted by the various units of mat
ter in a revolving body in different radial directions, at 
right angles with the tangential directions in which 
ear,h unit is moving, In machinery, especially in ma
chinery which is to be run at rapid speed, it is necessa-

1, 000 miles within its surface. The effect of this action 
on the earth is, that the earth is alway� found about 
3,000 miles, in the direction opposite to the moon, from 
the place where it would be if no moon existed. 'fhese 
displacements culminate, at the new and full moons, in 
librations of the earth on either side of its orbit, and at 
the first and third quarters in retardation and accelera
tion in its orbit. 

No matter how many bodies are united to form a 
system, these must always revol ve about their common 
center of gravity. Thus, the center of the system to 
which our SUD belongs is, undoubtedly, not a central 
body, but only a point in space, the center of gravity 
of the system. 

I must now ask you to come down with me from this 
starry elevation, and see what can be done with the 
little top which lies on the table. I have made it to 
illustrate this law, that a free body revolves in equili
brium about its center of gravity. It consists of a 
slender steel spindle, and a cylindrical wooden disk from 
one side of which a large segment has been cut off. 
The effect of this is, to move the center of gravity of 
the top from the axis of the spindle to a point at a 
little distance from this axis, and opposite to the place 
of the wanting segment. 

ry that these centrifugal stresses shall be balanced. I Unfortunately, this top is not altogether a free body. 
There is only one way in which this can be dorHl. That, It has a point of support, to which it is confined. 
way is, by providing equal and opposite centrifugal I Standing on this point, it presents an illustration of 
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requires time in which to act. By revolving a top with 
sufficient velocity, any excess of weight appears on 
opposite sides of the fulcrum, or point of support, at so 
nearly the same instant as to beat gravity. 

I shall have occasion presently to return to this sub
ject of the disposition of a free body to revolve about 
its center of gra vity, and to call your attention to SOIIle 
practical applications of this principle, which the ex
periment with the top will have placed us in a good 
position to understand. First, however, we will con
sider the case of bodies which are compelled to revolve 
about a fixed axis. 'fhis is generally the case in ma
chinery, where the journals of revolving bodies are con
fined in stationary bearings. 

Here any excess of matter on one side of the revol v
ing body, by its resistance to deflection, produces a 
stress on the bearing or journal hox, during each revo
lution, successively in all directions, precisely like the 
stress that is felt when one revolves a sling. In order 
to' get a propel' idea of this stress, we must dismiss from 
our thought all the balanced portion of the body, and 
consider the unbalanced portion as if it were revolving 
alone, precisely like a sling. * 

There is always one plane, passing through the axis 
of a journal, in which the resistance to motion of the 
machine with which the revol ving body is connected iJ'l 
less than it is in any other plane. This is known as the 
plane of least resistance. It is generally the horizontal 
plane. In this planl'), a vibratory motion is imparted 
to the whole machine, and thence is comIllunicated to 
the building in which the machinery is contained. 
'fhis vibration is always unpleasant, and sometimes it 
becomes productive of serious consequences. 

Let us consider how serious this want of equilibrium 
is, and in what a rapid ratio it increases with increase 
of speed. We have seen that the centrifugal force of 
lib., making 1 revolution pel' minute, in a circle of 1 
foot radius, is 0'000341 of a pound. But suppose the 
speed to be a thousand revolutions pel' minute. Then 
the centrifugal force of lib. , in this circle, is a million 
times this, or 341 lb. At five thousand revolutions per 
minute, it is twenty:five million times this, or 8,500 Ib. 
This force increases also as the circle of revolution is 
enlarged. Instead of revolving at one foot from the 
center, let our one pound revolve at this speed at a 
distance of only two feet from the center. The stress 
exerted by it is now 17, 000 lb. 'I'his would at once 
shake down any work of human hands (unless the 
pyramids be excepted), the natural rate of vibration of 
which synchronized with that of the revolving body. 
You see what a fine point it must be to attain complete 
equilibrium in machinery which is to be run very 
swiftly. 

I had once to balance dynamo� which were causing 
vibration in a great building. The IlJaker declared the 
revolving armatures to be already perfectly balanced; 
that they had been made in. such a manner that they 
were necessarily balanced, and therefore did not need 
any balancing. He resisted their being balanced for a 
long time, and to the serious prejudice of his employers. 
On trial, one of them turned out to be 14 oz. out of 
balance, on a radius of 7 inches. The speed was 930 
revolutions per minute. A computation, which any 
one of you can now make, showed the disturbing stress 
to be 151 lb. 

We next pass to the consideration of the practical 
method of balancing these centrifugal stresses in ma
chinery. For our ability to balance all those centri
fugal forces or stresses which are developed approx
imately in one plane of revolution, we are indebted to 
the fact, already mentioned, that, at different distances 
from the center, centrifugal force and momentum vary 
in the same ratio, namely, directly as the distance. 
Thus at 10 feet from the center lib, balances 10 lb. op
posite to it at 1 foot from the center. The weight 
multiplied into the distance through which it moves, 
on a given angular change of position, is the same 
in each case. The ·centrifugal force varies in the 
same ratio, although for a totally different reason. 
In moving through a given angle, 1 lb. at 10 feet from 
the center exerts the same centrifugal force that is ex
erted bv 10 Ib. at 1 foot from the center, because its rate 
of deflection is ten times greater. Thus it is that, 
although momentum and centrifugal force are so en
tirely different in character, and are exerted in direc
tions at right angles with each other, still both vary in 
the same ratio. On this principle, that bodies whose 
momenta are in equilibrium with each other exert the 
same centrifugal force, we are readily able to obtain 
what i8 known as the static balance, which answers 
perfectly well where all parts of the body revolve 
approximately in the same plane, as is the case with 
flywheels and ordinary pulleys. 

In the case of a rod or bar, the mode of finding out 
if and how much the body is ont of balance would be 
by trying it on a knife edge. But in the case of the 
bodies with which we have to deal, we do not know 
the direction in whichthe excess of weight lies. These 
bodies are therefore tried by securing them on an 
arbor, and rolling this arbor on plane surfaces. The 
practical requirements for this trial are. as follows: 

* There are some persons by whom all this is denied. I content myself 
here with the statement. On subsequent pages I will give the demon
stration. 
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First, with respect to the arbor. This should be as 
small as is consistent with rigidity, each end should be 
of the same diameter and perfectly cylindrical, and its 
axis should be made to coincide exactly with the axis of 
the bore in which it is inserted. 

Second, with respect to the planes. These should be 
perfectly true, flat surfaces, and should lie in the same 
horizontal plane, and should be broad enough for the 
arbor to roll on them without the perfection of surface 
of either arbor or planes being impaired thereby in the 
least degree. Both planes and arbor should be as 
clean and dryas possible. The least particle of either 
dust or oil ruins the action. If these conditions are 
carefully complied with, almost absolute accuracy is 
attainable by this method. 

The first object must be to find the precise direction 
in which the excess of weight lies, or if, as is often the 
case, there are numerous inequalities, then the one di
rection in which their disturbing effects are all gather
ed. This point or radial line will fall to the bottom. It 
is not easy to hang a plumb line from the axis, but it 
is easy to hang two plumb lines over the arbor, and 
the point mid way between those is directly under the 
axis. We find here a slight error produced by the roll
ing friction of the arbor on the planes. The heavy 
point will not fall quite to the bottom. This error must 
be eliminated. This is readily done, by letting the 
body revolve through equal small arcs in opposite di
rections. The amount of the error from this friction 
thus appears, and the precise direction wanted is found. 
This is then carefully marked in a permanent rnanner. 
The planes must be perfectly level, or the true direc
tion will not be shown. 

The next thing is, to find the amount of weight that 
must be applied opposite to this point, on the same 
diametral line, in order to balance the wheel. For this 
trial, the marked point is brought up to the horizontal 
plane passing through the axis, which must be carefully 
found, and weight is added opposite to it sufficient to 
keep it there. 

Here the same error from rolling friction appears, and 
must be eliminated in the same way, as already de
scribed. 

In the case of a pulley, it is generally of conse
quence to know on wfiich sIde of the arms the c;lounter
weight should be either wholly or mostly applied, or if 
it should be equally divided between the two sides. 
This, the radial line and the amount of counterweight 
required being known, can be determined by carefully 
comparing the thickness of the rim 01.1 opposite sides of 
the arms, by the calipers. 

The above is the only proper method of balancing all 
this class of revolving bodies. Every shop in which 
these are made should be provided with this simple ap
paratus, made and preserved with great care, on which 
this operation can be performed with accuracy and 
dispatch. If properly made, this apparatus is exceed
ingly sensitive, and quite fine observations may be re
peated on it, with the arbor resting on different parts 
of the planes, with uniformity of result. 

I cannot leave this branch of the subject without re
fening, with the strongest condemnation, to the 
use of edges instead of planes on which to revolve 
the arbor. The two methods are shown in Fig. 4. 

way, are found to be out of balance when they come to 
be run. Here appears the well known distinction be
tween a static and a running balance, a distinction 
which is a constant puzzle to those who are ignorant 
of the very simple principle on which this distinction is 
found. This principle is, that all revolving bodies, or 
parts of bodies, must be balanced in their own separate 
planes of revolution. It is idle to attempt to balance 
an excess of weight revolving in one plane, by acor
responding excess opposite to it but revolving in a differ
ent plane, perhaps at a considerable distance. The only 
effect of thIS is, that we get two disturbing forces in the 
place of one. When tried at rest, these balance each 
other well enough, but when their centrifugal stresses 
come to be developed by revolution, those are not oppo
site to each other, but each one produces its disturbing 
effect in its own plane of revolutlOn. 

Another meaningless expression, that is often heard 
in common speech, ought to be noticed here. This is, 
that every revolving body should be balanced for its 
own speed. If a revolving body is balanced, it is 
balanced for all speeds. If it is only partially balanced, 
then it may be that the unbalanced portion will not pro
duce a noticeable disturbing effect at a moderate speed, 
but'will do so at a greater speed. So when one says that 
such a body is balanced for such a speed, he really 
means, though perhaps he does not know it, that it is 
balanced sufficiently to aIlswer at that speed. N ow all 
revolving bodies ought to be balanced accurately. Then 
they are balanced for any speed. This is by the way. 

Fig. 5 shows a drum of small diameter and consider
able length, revolving about an axis, A B, and sup
posed to be supported in bearings at the ends. If this 
drum were tested in the .manner already described by 
rolling its journals on planes, an excess of weight at 
C would obviously balance an equal excess of weight 
at D. But when revolving, each of these excesses 
would exert its centrifugal stress in its own plane of 
revolution, just as if the other did not exist. These 
necessarily produce their disturbing effects through 
the two bearings. That at C produces its disturbing 
effect mostly, but not wholly, through the bearing at 
A, and that at D produces its disturbing effect mostly, 
but not wholly, through the bearing at B. The pro
portions are divided between the two bearings, aceord
ing to their distances fromthe point at which each ex-
cess of stress is exerted. 

. 

In this illustration the positions of the disturbing 
weights are supposed to be known. In practice, how
ever, the case is very different. N either the number 
nor the positions, nor the amounts of the various ine
qualities are ever known or c�n be known in practice. 
The case is one full of difficulties. These difficulties 
may be greatly lessened by care in a place where care 
is not very generally taken, that is in the foundry. 
By taking great pains, especially in the making, set
ting, and securing of the cores of such castings, and 
pouring these in a vertical position, a close approxima-
tion may be made to truth of the interior surfaces. 
Sometimes a world of trouble and expense may be 
saved by such a system. Then, by setting the drum 
for turning accurately by the interior surface, the 
work of balancing is reduced to a minimum. 

But, after all, such a drum must be balanced, and 
how is this to be done? Suppose that one of you were 
shown a drum, say one foot or less in diameter, and 
five feet long, nicely turned and polished outside, but 
the interior surface of which was maccessible for turn-
ing, and you were asked to balance that drum, what 
would you do ? 

If you remember what I am now going to tell you, 
this is what you will do, if ever you have such a case. 
You can approximate pretty closely to a balance by 
the method of gauging the thickness of the rim, and 
also of the hub and arms with double�ended calipers. 
This should be done systematically, the surface being 
divided into squares for the purpose, and the result 
plotted. The two ends should be treated separately. 
A second sheet should be plotted from the first one, 
showing only the excesses of thickness above the mini
mum, By careful study of these you can determine 
pretty nearly the amount and lo.cation of the counter
weight reqUlred at each end, and thus make the sub
sequent operation more expeditious and accurate. It 
is obvions that rolling on planes will not help you in 
such a case as this. If the care which I have de
seribed above in moulding and setting in the lathe has 
been observed, this preliminary operation will be un
necessary, but, with the irregular interior surfaces usu
ally to be found in such castings, it is important. 

The final operation is as follows: You will stand 
your drum on end and spin it, as I spun the top. In 

The wonder is how anyone, having used the edges doing this much care is to be taken. First, we need to 
once, can ever do so again. The weight rests on be sure that the drum is revolving abont its axis, and 
two points, where the cylindrical surface of the arbor not about any other point of support. The best way 
bears on the edges. As the arbor revolves slowly, the to insure this is to make the centers in the ends of the 
edges plow a groove around it, varying in depth ac- spindle large, and rest the lower one on a stud ha�ing 
cording to the weight of the pulley and sharpness of a spherical end which enters the center a short distance. 
the edges, but always sufficient to ruin the arbor, and 

I 
The spherical end enables the top of the drum to move 

raise also a corresponding burr on each side of the freely from side to side. This center must be well 
groove. The balancing action is, moreover, effectually lubricated. Complete lubrication is best secured by 
deadened. And still, the absurd idea seems at some drilling a small hole down the axis of the stud, which 
time to have been almost universally ground into the is fixed securely in its position. This hole connects 
mechanical mind, that the balancing arbor must with a horizontal hole or tube. This leads to a con
be rolled on the narrowest possible surfaces. So venient place at any distance away, where it turns ul?
these edges are shown in all illustrations of this opera- ward to a level higher than that of the stud. ThIS 
tion that I have ever seen, and they are found very passage being filled with oil to the level of the top of 
commonly in shops where balancing is attempted. The the stud, on oil being added at the farther end, a cor
fact is, that a cylinder resting on a plane bears only on responding quantity flows out to lubricate the center. 
a line, and the longer this line is, the more sensitive the Another thing remains here to be provided against. 
apparatus will be, and the less liability there will be to Sufficient centrifugal force may be developed by the 
injnry of the surfaces, under a considerable weight rest- revolution, at the lower end of the drum, to lift the 
ing upon them True parallel cylinders, bearing fairly 

I 
drum on the stud and make it fly out. The possibility 

on true planes, are of course assumed. of this must be prevented by having the lower end of 
But many bodies, after having been balanced in this the spindle surrounded by a permanent casting, fitting 
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it very loosely, but presenting a parallel baaring. rising 
at least an inch above the top of the stud. All this 
provision should be made in a su bstantial casting, well 
bedded in masonry in the earth at the level of the shop 
floor. 

The upper end of the drum is the end which you are 
first to balance. The journal at this end should be al
lowed to run in a hole about half an inch larger than 
itself, in a timber framing strong enough to resist any 
strains that can come upon it. The best and simplest 
way of driving the drum is by a belt which is held to 
its surface, or to the surface of the lower journal, by a 

tightener. When the speed of the drum has been got 
up to the point required, the tightener is loosed, and 
the belt drops away, leaving the drum to revolve free
ly. If it is moving fast enough, it will stand; if not 
quite fast enough for this, the upper journal will beat 
in the wooden hole. In either case it will describe a 
cone similar to the one described by the spindle of the 
top. Now touch the journal with marking paint, and 
then bring the drum to rest. The mark will be found 
on the light side of the drum, just as on the spindle of 
the top, for this also has been revolving as a free body 
about its center of gravity. You have now determined 
the location of the counterweight-in line with the 
paint mark on:the spindle, and on the same side. The 
amount of the counterweight must be ascertained by 
repeated trial, until the spindle at this end runs dead 
true. You will then repeat the same operation for the 
other end. Now, perhaps, you think you will be done, 
but you will find you are not. On trying the first end 
again, it will not run perfectly true. This is perhaps 
partly because the drum at first may not have revolved 
about its axis. If the centrifugal force then lifted it on 
the stud, as far as the bearing would permit, then 
there was an error in its point of support, but this 
error cannot exist on subsequent trials, because then 
the lower end of the drum will be balanced. 

The counterweight added to the end last balanced, 
however, affected the other end in some degree. You 
may, on this account, have to reverse the drum several 
times before you get each journal to runpe1fectly true, 
and your job is not finished until this is done. I think 
by this time you must begin to realize the importance 
of the most extreme care, in the foundry, and in turn
ing th e drum, so as to " shorten the labor of balancing 
as much as possible. If not, you will realize this when 
you have balanced a few of these drums. 

A very important practical application of the princi
ple that a free body will revolve in equilibrium about 
its center of gravity, is made in the centrifugal ma
chines, which are now in general use for separating 
fluids from solids, in sugar refineries, in laundries and 
bleacheries, in the manufacture of chemicals, and more 
recently in creameries. These machines have been de
signed in several different forms, adapted to these dif
ferent uses, alld their details require considerable study 
in order to be well understood. 

It will not, therefore, be desirable in this place to at
tempt anything more than to explain the general man
ner m which the application of this principle is made 
in their construction. 

It had been found impossible to balance centrifugal 
machines when running in fixed bearings. These had 
been made in the first place for the purpose of separat
ing the sirup from sugar, but they threatened to shake 
down the refineries in which they were tried. Howev
er carefully they were themselves balanced, the charge 
of sugar threw them out of balance at once. In this 
emergency, an American, David M. Weston, conceived 
the idea of hanging the basket, through the perforated 
sides of which the sirup is strained, at the lower end 
of a short shaft, which is suspended from the bottom 
of another vertical shaft by a ball and socket joint. 
This allows the basket to swing freely in all directions, 
hindered only by the friction produced by its weight, 
and the feather or key by means of which it is driven. 
The driving pulley IS keyed on the upper shaft, 
which runs in fixed bearings and receives the strain 
of the belt. This was the original form of construc
tion. The basket, with or without its charge of sugar, 
revolved in equilibrium about its center of gravity, 
and vibration disappeared. The invention soon came 
into use in sugar refineries everywhere, and from these 
its application has been extended to other industries, 
as already stated. The form, however, has been much 
changed, and subordinate devices have been added, 
but without affecting the general dependence on this 
principle. For example, large baskets, in which three 
barrels of sugar are drained of their sirup at each 
charge, are now, for purposes of convenience, driven 
from beneath, instead of from above. Here the ball 
and socket joint is at the lower end of the vertical shaft, 
and the basket at the upper end. This presents essen
tially the construction above described in an inverted 
position. This construction involves the equilibrium 
of instability. To lIleet this, a bearing is provided at the 
upper end of the shaft, near to the basket, and this bear
ing is allowed only a limited amount of play. This play 
is restrained within the desired limits by a number of 
India rubber springs, plaeed around it radially at equal 
distances apart, and confined within the framing of 
the machine. The successful working of these ma
chines, in this respect of freedom from vibration, de
pends on having these springs rightly proportioned in 
strength, so as to resist the eccentric tendency of the 
basket sufficiently, but not too strongly. The proper de
gree of resistance has been found by experiment. A 
number of other modifications of the original design 
have been made for the purpose of adapting the 
machine to other uses. Those I will not further refer 
to, having said enough to answer my purpose, which, 
as already stated, is only to call attention in a general 
way to these important and varied applications of this 
principle. 

'Ve now come to consider a remarkable distinction, 
in this respect of equilibrmn, presented between fre!3 
bodies and bodies which revolve about axes held in 
fixed bearings. This distinction is one by which many 
minds are sorely puzzled, and which occasions very 
absurd views to be held by some persons on the general 
subject of equilibrium in revolving bodies. 

We have seen that when a free body revolves, its 
heavy side approaches the axis or center of revolution, 
so that the lightest side describes the largest circle. 
This it must do, in order that the center of revolution 
shall coincide with the center of gravity of the body. 
We observed this action in the experiment with the top. 
In that case the center of gravity was removed only a 
short distance from the axis of the spindle. We may, 
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however, imagine (lases in whieh a great weight is on 
one side of the center of gravity, and a small weight is 
in equilibrium with it, at a proportionately greater 
distance on the other side. When such a body revolves 
freely about its center of gravity, the �reater circlethat 
is described by the lighter side is exhlbited in a degree 
far more marked than we saw it in that experiment. 
But when a body revolves about a fixed axis, the 
opposite effect is produced. N ow the heavy side of the 
body tends/rom the center or axis of revolution. The 
freedom of motion, or the elasticity of the body, one or 
both of which always exist in some degree, allows the 
body to yield more or less under this stress, :so that the 
heavy side describes the larger circle. '1'his is always 
found to be the case with bodies revolving on journals 
held in fixed bearings, and we find the heavy side by 
marking it as the high or prominent side, when revolv
ing. We balance such a body by removing a portion 
from the side so marked, or else by adding something 
opposite to that side. This is true of all bodies which 
revolve about fixed axes, whatever their speed. The 
best illustration and practical demonstration of the 
fact that in these cases the stress is always from the 
center, in the direction of the greatest weight, is afford
ed by the crank disks of horizontal high speed engines. 
In these we place a counterweight to neutralize the 
disturbing effect exerted by the reciprocating parts of 
the engine. This counterweight is placed opposite to 
the crank, and it performs its office by exerting a 
radial stress in the line of the greatest weight. The 
speed makes no difference in the nature of this action. 
I have run an engine, 6 in. bore of cylinder by 12 in. 
stroke, in which the reciprocating parts weighed only 
40 lb., and were exactly balanced by the counter
weight, at speeds which were estimated to exceed 2, 000 
revolutions per minute, the engine not showing the 
least tendency to vibration. 

Now, why should the heavy side of a revolving body 
tend toward the center of revolution when the body is 
free, and/rom the center when it is confined? Why, in 
the former case, should the light side, and in the latter 
case the heavy side, describe the larger circle ? There can 
be no question about the fact of this contrary action. 
What is the explanation of it? The answer to this 
question you will find, when you understand it, to be 
an extremely simple one. Like all other puzzles, this, 
when explained, will cease to be a puzzle. 

The fact is that, in these two cases, the action of a 
revolving body in this respect is controlled by entirely 
different forces. When we reflect upon the opposite 
nature of these tendencies, it seems evident, even be
fore we have learned anything about their causes, 
that these causes must be wholly different. We are 
quite prepared to receive the evidence, which shows 
that different forces produce these opposite tendencies. 
Nothing short of this could account for them. 

In considering this action in a free revolving body, 
or system of bodies, we have nothing to do with cen
trifugal force. Centrifugal force does not appear as 
an element or factor in the problem. The force which 

the velocity acquired varies as the square root of the 
distance through which the accelerating force has 
acted. v'" vI----rI: 

Making our computation from the data furnished by 
falling bodies, we find 32, 166: 5 '7: : vl T6�083 : y'o--5. 
Therefore a body must fall through 0'5 foot in order to 
acquire a velocity of 5'7 feet per second; or a force 
equal to its weight must be exerted on the body 
through 0'5 of a foot, in order to impart to it this ve
locity. 

Here, then, we have the energy which is the effect of 
a certain force having:been exerted through 0'5 of a foot 
of distance. In centripetal force we have the same 
force, but which, at the point of deflection, the only 
point to be considered, has not acted through an ap
precia ble distance. In the tangential direction the body 
is in motion with this velocity. In the radial direction 
it is not in motion. The objection that force cannot be 
compared with velocity is well taken, but it admits the 
case in favor of momentum. Energy and force without 
motion, or actual and potential energy, are not com
mensurable. Force, as compared with even the least 
degree of energy, is powerless, the element of distance 
being wanting. 

In a free revolving body, then, momentum is the con
trolling force. The momenta of the opposite parts of 
the body equalize themselves, unhindered, about the 
center of gravity of the body, as the axis of revolution. 
This they do, acting on tangential lines, just as water, 
when opposing currents .meet, forms a whirlpool. 

It is, however, necessary, in order for this action to 
take place, that the body shall be absolutely free. The 
least force, applied to fix the center of revolution of a 
body at any point other than its center of gravity is 
sufficient for this purpose, because momentum cannot 
oppose any resistance to the action of such a force. 
This is by reason of the law that a force or energy, is 
powerless in the directions at right angles with that in 
which it is exerted. By resolving a force into its rect
angular components, we ascertain the degree in which 
it can produce motion in directions which form various 
angles with its own direction. We observe this power 
to diminish as we approach the reetangular direction, 
and to disappear entirely when we reach it. No mat
ter'how great the force or energy may be, it is entirely 
powerless in the rectangular direction. This is illus
trated in the familiar statement, that infinite force 
could not overcome the effect of gravity, and straighten 
a horizontal thread. 'rhis law inspired Dr. Lardner, 
in one of the lectures of the scientific course delivered 
by him in New York many years ago, to perhaps the 
most remarkable example ever given of unconscious 
versification. His statement, expressed with mathe
matical precision, when divided into verse, reads as 
follows: 

" There is no force, however great, 
Can stretch a horizontal line, 
Though this be infinitely fine, 
That it shall be exactly straight." 

determines the disposition of a free body to revolve By reason of this powerlessness of any force in direc
about its center of gravity is the momentum of the sev- tions at right angles with that in which it is exerted, 
eral units of matter of which the body is composed. It it results that when a body, instead of being free, is 
is to be remembered that momentum acts tangentially, made to revolve about a fixed axis, the case, in the re
while centrifugal force acts radially. The two are spect· we are now considering, becomes cou:.pletely 
thus always exerted in directions at right angles with changed. The momentum is exerted on tangential 
each other, and, as will be explained presently, neither lines. The line connecting each unit of matter with 
one has any power or can produce any effect at all in the axis of revolution is a radial line, at right angles 
the direction in which the other is exerted. Another with the direction of its energy. The latter, therefore, 
fact respecting momentum is important also to be borne however great it may be, has no effect on the axis of 
in mind. The momenta of opposite portions of a revolution. 
revolving body, being exerted on tangential lines, can This is true even in the extreme case of the whole 
never be opposite to each other in the same line, as weight being on one Bide of this axis. Indeed, this is 
opposite centrifugal forces are, but must act on lines always the proper way of regarding any !Ouch action. 
parallel with each other, on opposite sides of the cen- Those portions of the body which are in equilibrium 
ter, as on the lines, A D and F H, Fig. 1. are properly disregarded as canceling each other, and 

N ow, in the revolution of a free body, as already the unbalanced portion only is considered, since this 
stated, centrifugal force does not appear, but the only can produce a disturbing effect. 'rhus in Fig. 1, 
momenta of opposite portions of the body, acting in disregarding F, let us suppose the weight to be gathered 
the manner above shown, at once equalize themselves at A, and to be revolvmg about the center, O. The 
about the center of �ravity, as obviously they must do, energy of this weight is exerted in the tangential direc
unless their free actlOn is hindered in some wav. It is tion, A D. It cannot, therefore, be felt at all at 0, be
true that, when the momenta of a revolving b'ody are cause it is exerted at the point, A, and the line, A 0, is 
in equilibrium, the centrifugal stresses are in equili- at right angles with the line, A D. If the body, A, 
brium also. Then why may not the latter affect this could advance along the straight line, A D, even the 
action, in a free body, as much as the former? I least distance, so that the line, A 0, would form with 
answer, because under these conditions momentum is A D an angle larger than a right angle, even in the 
the controlling force. least degree, then the energy of the body, A, would be-

It will be interesting, first, to compare the motion of gin, though in an infinitely small de�ree, to be felt at the 
a revolving body in its arc of revolution, in which center, O. This, however, is imposslble. The rectangu
direction its momentum is exerted, with its correspond- lar direction is unalterable, and so the momentum of a 
ing motion toward the center, under the action of body revolving about a fixed axis has not the least 
centripetal force. In Fig. 2, A 0 C represents the power to oppose any force by which this axis has been 
angle of 24° and A 0 B the angle of 12°. The arc of determined. 
24° is 4'845 times its versed sine. The arc of 12° is 9'6 In the case of a free body, we saw why it was that 
times its versed sine. Here we have indicated the law, centrifugal force disappeared as an element or factor 
which in the smaller angles is followed exactly, that in determining the center of revolution. N ow we have 
the versed sine diminishes as the square of the arc seen why it is that in the case of a body revolving 
diminishes. Let us follow this comparison down to 1" about a fixed axis momentum disappears in the same 
of arc. The length of 1" of arc, in terms of the radius, determination. It is obvious that a body revolving 
is 0'000,004,848,13. The length of the versed sine of 1" is about a fixed center has not the least disposition or 
0'000, 000, 000, 011,752. The motion of the mass in its are, tendency to revolve about its center of gravity or any 
while traversing 1" of arc, is thus seen to be 412,550 axis other than that which has been determined for it. 
times the motion which it has toward the center in the We see why it is that no such tendency exists or can 
same time. exist in even the least degree. No force can be felt at 

It is true that, in the former case, we have velocity, the center, except a force exerted in a radial direction. 
which is the effect of a previous application of force, It is under these conditions of revolution about a 
and in the latter case we have only a force, for the dis- fixed axis that centrifugal force, when not exerted in 
tance through which this force acts is inappreciable, degree sufficient to overcome the cohesion of the body, 
and it may be claimed that the two are not comparable. first makes itself manifest. This it does when an excess 
The force which produced the velocity may have been of matter exists on one side of the axis. As was just 
a great force acting through a short distance, or a small now observed for momentum, and as has been observed 
force acting through a great distance ; while the de- for centrifugal force itself, it is only this excess 
flecting force may be great or small ; having acted of matter which is to be considered. The resistances to 
only through an insensible distance, it has imparted no deflection of the balanced portions of the body are to 
appreciable velocity. And it may properly be claimed be disregarded. It is this resistance of the unbalanced 
that force and velocity cannot be compared in this portion only, which tends to disturb the stability of 
way. the body. 

There is, however, a method of making this compari- If not perfectly controlled by the inertia of the latter, 
son which shows clearly enough that.the relative mo- then, at some point in its revolution, this unbalanced 
tions of the body in the two directions do sUbstantially portion moves a greater or lesser distance along the 
represent the real controlling nature of momentum in tangential line, taking the whole body with it when 
this case. "We have seen that in a circle of one foot not elastic, before its deflection is accomplished. Vibra
radius, at a speed of 54 '166 revolutions per minute, the tions of machinery are, therefore, occasioned by the in
deflecting force exerted on a revolving body is equal to complete deflection, at some point in their revolution, 
the weight of the body. At this rate of revolution, the of the unbalanced portions of the revolving parts. This 
body is moving in its arc with a velocity of 5'7 feet per is the cause of all vibrations, except those produced by 
second. Through what distance must a force equal to the unbalanced action of the reciprocating parts, of 
its weight be exerted in order to impart to the body I which I have still to speak. 
this velocity? The law of uniform acceleration is, that It has now, I think, been made clear, why a free re-

© 1886 SCIENTIFIC AMERICAN, INC 

volving body and a body revolving about a fixed axis 
present so complete a contrast with each other; in the 
tendency in the former of the lightest side, and in the 
latter of the heaviest side, to describe the largest circle. 

This concludes what I have to say on the subject of 
balancing centrifugal force, which is the only force, de
veloped in revolving bodies, that we are in practice 
called upon to balance. Indeed, as we have seen, if 
the centrifugal stresses are in equilibrium, the momenta 
are in equilibrium also. Want of time will make it neces
sary to postpone to another occa8ion the consideration 
of the remaining division of my subject, which I will 
then pl'esent in its most important practical connection. 

In bringing the present lecture to a close, I would 
express the earnest hope, that the advantages afforded 
by this institution may be so improved by you all, 
that, at the end of your course of study, you will leave 
it with well balanced minds; and that, however im .. 
portant may be the movements, whether mechanical, 
or social, or political, or religious, and I think these will 
be imp0rtant, in which, in after life, you may become 
engaged, you will never lose your equilibrium. 

THE USE OF IRON IN FORTIFICATION.* 
BEFORE describing the cupolas proposed for coast 

defense, we shall say a few words about t.he means used 
for protecting rifled mortars and mitrailleuses. 

Cupola/ or Mitrailleuses.-A design for a cupola for 
a five-barreled 1" in. Hotchkiss mitrailleuse has been 
proposed by Major Schumann, and is shown in Fig. 1. 
This cannon, which is capable of firing thirty shots per 
minute, with an effective range of 2,000 yards, would 
be especially useful, says Gen. Brialmont, for repulsing 
a violent assault. It is cheap ($3, 000), and can be pro· 
tected against artillery, up to the moment that it is to 

FIG. i.-SCHUMANN CUPOLA FOR HOTCHKISS 
GUN. 

enter into action, by a vertical motion. As its role is 
to fire at assaulting columns, the enemy cannot use its 
artillery against it without running the risk of firing 
upon its own troops. It will suffice, then, that the 
vertical wall, which appears only at the moment of 
firing, be of strong iron plate, proof against rifle balls. 
As for the spherical top that comes flush with the hard
iron ring of the avant-cuirasse as the gun disappears, 
this is constructed of rolled iron of proper thickness. 
Owing to the small diameter and the hidden position 
of this disk, the thickness given it is but 4 or 4" inches. 

The cylindrical, iron-plate part is 5Jq: feet in diameter. 
In order to obtain a vertical motion of from 12 to 15 
inches, the iron-plate frame rests, through a metallic 
pivot, e, upon a step-bearing that moves in a slide, /, 
whose external surface serves as a guide to annular 
counterpoises, g, that balance the entire system, to 
which motion is given by the winch, h, through the 
intermedium of a chain. 

It will be seen that in order to put the cupola in the 
position in which it conceals the gun, it is necessary to 
pull the latter back. This is a very simple operation, 
since the carriage consists of a jointed parallelogram. 
In placing it in battery, the top of the carriage is seized 
by a very strong click fixed to the side of the cupola, 
and this holds it in an absolutely stable position. 

The Schumann Cupola/or an 8-inch rifted Mortar.
As rifled mortars fire curved shots, it is impossible to 
completely conceal the protecting cupola from the 
enemy's sight. The mortar is set into a cast iron sphere 
3% ft. in diameter (Fig. 2), which exactly closes the 

FIG. 2.-SCHUMANN CUPOLA FOR A 9 INCH 
MOR1'AR. 

aperture of the same size at the apex of the cupola, 
which is itself protected by a mass of concrete. This 
latter forms a conical funnel whose apex is occupied by 
the sphere, and the angle of whose opening is limited 
by the extreme positions of firing. In a normal posi
tion, the sphere, through vertical sectors, C, that serve 
as trunnions, rests upon the circular cheeks of a metal 
frame that surmounts a wooden shaft terminating be-

* Continued from page 8472. 
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